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( 57 ) ABSTRACT 
An exhaust gas purifying catalyst of the present invention 
includes : a first metal oxide selected from the group of 
praseodymium oxide , terbium oxide , and a combination 
thereof ; a second metal oxide that is neodymium oxide ; a 
third metal oxide that is zirconia or a combination of 
zirconia and ceria ; and a fourth metal oxide selected from 
the group of lanthanum oxide , yttrium oxide , barium oxide , 
calcium oxide , strontium oxide , silicon oxide and a combi 
nation thereof . 
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CATALYST COMPOSITION AND EXHAUST JP 2010 - 196552 A proposes a method for removing the 
GAS PURIFYING METHOD PMs by oxidation in an internal combustion engine that 

performs a theoretical air - fuel ratio ( stoichiometric ) opera 
CROSS - REFERENCE TO RELATED tion . However , according to the method , since purification of 

APPLICATIONS 5 the exhaust gas from an internal combustion engine that 
performs the theoretical air - fuel ratio ( stoichiometric ) opera 

This is a national phase application based on the PCT tion is supposed , there was a room for improvement in the 
International Patent Application No . PCT / IB2014 / 000491 fuel consumption . filed Apr . 7 , 2014 , claiming priority to Japanese Patent 
Application No . 2013 - 081023 filed Apr . 9 , 2013 , the entire 10 SUMMARY OF THE INVENTION 
contents of both of which are incorporated herein by refer 
ence . On the other hand , an exhaust gas purifying catalyst of the 

BACKGROUND OF THE INVENTION present invention is used for oxidation removal of the PMs 
contained in an exhaust gas from a lean - burn engine such as 

1 . Field of the Invention a lean - burn gasoline engine or a diesel engine , which are 
The present invention relates to a catalyst composition considered preferable from the viewpoint of the fuel con 

and an exhaust gas purifying method . In particular , the sumption . 
present invention relates to an exhaust gas purifying catalyst The present inventors fortunately found that a combina 
and an exhaust gas purifying method for purifying an 20 tion of praseodymium oxide and neodymium oxide can 
exhaust gas from an internal combustion engine of an preferably be used for oxidation removal of the PMs in an 
automobile and the like . exhaust gas from a lean - burn engine . 

2 . Description of Related Art A catalyst composition of an embodiment of the present 
Nitrogen oxides ( NOx ) , carbon monoxide ( CO ) , hydro - invention includes : a first metal oxide selected from the 

carbons ( HC ) and so on are contained in the exhaust gas 25 group of praseodymium oxide , terbium oxide , and a com 
from an internal combustion engine such as an automobile bination thereof ; a second metal oxide that is neodymium 
engine . Accordingly , generally , after being purified with an oxide ; a third metal oxide that is zirconia or a combination 
exhaust gas purifying catalyst that oxidizes CO and HC and of zirconia and ceria ; and a fourth metal oxide selected from 
reduces NOx , the exhaust gas is discharged into air . the group of lanthanum oxide , yttrium oxide , barium oxide , 

Further , the exhaust gas that is discharged from the 30 calcium oxide , strontium oxide , silicon oxide , and a com 
internal combustion engine contains , in addition to the bination thereof . 
nitrogen oxides and other above - mentioned substances , par - The catalyst composition of the embodiment may include 
ticulate materials referred to as particulate matter ( PM ) or the fourth metal oxide that is a combination of lanthanum 
particulate . In recent years , the restriction on the PM has oxide and yttrium oxide , or a combination of lanthanum 
become more severe than ever , and accordingly , it is 35 oxide and silicon oxide . 
demanded to efficiently remove the PM together with the The catalyst composition of the embodiment may include 
nitrogen oxides and other substances . the first to fourth metal oxides , in each of which a composite 

For removing the PM , a method in which the PM is oxide containing these oxides is formed . 
collected on a filter such as a diesel particulate filter , and the The catalyst composition of the embodiment may include 
collected PM is removed by oxidation by intermittently 40 the first metal oxide and the second metal oxide at a weight 
raising a temperature of the filter . ratio in the range of 1 : 9 to 9 : 1 when converted in terms of 
However , a high temperature is necessary to remove the trivalent oxide . 

PM collected on the filter by oxidation , and this may cause The catalyst composition of the embodiment may be such 
degradation of the fuel consumption . Further , in the PM that a weight ratio of a sum total of the first and second metal 
removal that depends on the filter , pressure loss due to the 45 oxides and the third metal oxide is 1 : 9 to 9 : 1 when the first 
filter may also cause degradation of the fuel consumption and second metal oxides are converted in terms of trivalent 

For such a problem , a method is proposed in which by use oxide . 
of a catalyst having strong oxidizing power , the oxidation The catalyst composition of the embodiment may be such 
removal of PMs is promoted . that a weight ratio of a sum total of the first and second metal 

Regarding this , Japanese Patent Application Publication 50 oxides and the fourth metal oxide is 10 : 0 . 1 to 10 : 5 when the 
No . 2010 - 196552 ( JP 2010 - 196552 A ) proposes a method in first and second metal oxides are converted in terms of 
which in exhaust gas purification for an internal combustion trivalent oxide . 
engine that performs a theoretical air - fuel ratio ( stoichio - The catalyst composition of the embodiment may further 
metric ) operation , a material having ceria ( Ce203 ) or pra - include a noble metal carried on the first and second metal 
seodymium oxide ( Pr 0z ) as a main component and a 55 oxides . 
material having neodymium oxide ( Nd203 ) as a main com The catalyst composition of the embodiment may be 
ponent are used and , as required , an air - fuel ratio of the exhaust gas purifying catalyst . 
exhaust gas is slightly and continuously fluctuated around The catalyst composition of the embodiment may be 
the theoretical air - fuel ratio ( 14 . 5 ) , more specifically , for exhaust gas purifying catalyst for use in a lean - burn engine . 
example , the air - fuel ratio is continuously fluctuated in the 60 A catalyst device of the embodiment of the present 
range of 14 . 0 to 15 . 0 , thus , ceria or praseodymium oxide is invention may include a base material and the catalyst 
oxidized and reduced and active oxygen is generated composition of the embodiment carried on the base material . 
thereby , and the PMs in the exhaust gas are removed by The catalyst device of the embodiment may further 
oxidation with the active oxygen . include ceria particles carried on the base material . 

The present invention provides an exhaust gas purifying 65 The catalyst device of the embodiment may include the 
catalyst and an exhaust gas purifying method for removing base material that is a straight flow honeycomb base 
the PMs by oxidation . material . 
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A method of purifying an exhaust gas of the embodiment words , the first metal oxide such as praseodymium oxide 
may include bringing an exhaust gas from a lean - burn tends to be reduced from tetravalent to trivalent , accord 
engine into contact with the catalyst composition of the ingly , also in a relatively acidic atmosphere , the first metal 
embodiment or introducing an exhaust gas from a lean - burn oxide is reduced from tetravalent to trivalent , and at this 
engine to the catalyst device of the embodiment . 5 time , the active oxygen can be released . 

The method of purifying an exhaust gas of the embodi For reference , standard reduction potentials for ceria , 
ment may be such that the lean - burn engine is a lean - burn praseodymium oxide , and terbium oxide by Latimer formula gasoline engine or diesel engine as the lean - burn engine . will be shown below . The method of purifying an exhaust gas of the embodi 
ment may include further bringing the exhaust gas brought 
into contact with the exhaust gas purifying catalyst or the [ Chemical Formula 1 ] 
exhaust gas flowed to the catalyst device into contact with a 

- 2 . 34 NOx storage and reduction catalyst . Ce ( IV ) Ce ( III ) - Ce ( 0 ) 
The method of purifying an exhaust gas of the embodi - 15 - 2 . 35 

ment may make the exhaust gas from the lean - burn engine Pr ( III ) Pr ( 0 ) 
intermittently a stoichiometric or a fuel - rich atmosphere . Tb ( IV ) Porn Tb ( III ) Tb ( O ) 

BRIEF DESCRIPTION OF THE DRAWINGS 

1 . 76 

Pr ( IV ) 3 . 2 , Pr ( III ) 
3 . 1 - 2 . 31 

Features , advantages , and technical and industrial signifi - - 6 20 In other words , such a difference between the first metal 
cance of exemplary embodiments of the invention will be oxide such as praseodymium oxide and ceria is considered 
described below with reference to the accompanying draw due to the following reasons of ( 1 ) to ( 4 ) . 
ings , in which like numerals denote like elements , and ( 1 ) In a ceria stoichiometric exhaust gas in a stoichiomet 
wherein : 5 ric exhaust gas , that is , in an exhaust gas in which an oxygen 

FIG . 1 is a conceptual diagram of a catalyst mechanism of concentration is low and an oxidizing property is small 
an exhaust gas purifying catalyst of the present invention ; thereby , ceria is readily reduced from tetravalent ( Ce2O4 ) to 

FIG . 2A is a diagram that shows an oxidation - reduction trivalent ( Ce , , ) and readily oxidized from trivalent to 
reaction region of ceria ; and tetravalent due to change in the air - fuel ratio , and ceria thus 

FIG . 2B is a diagram that shows an oxidation - reduction 30 tends to be repetitively oxidized and reduced . 
reaction region of a first metal oxide such as praseodymium 
oxide . ( 2 ) In a praseodymium oxide stoichiometric exhaust gas 

in a stoichiometric exhaust gas , that is , in an exhaust gas in 
DETAILED DESCRIPTION OF EMBODIMENTS which an oxygen concentration is small and an oxidizing 

5 property is small thereby , the first metal oxide such as 
The present invention will be described with reference to praseodymium oxide is , while being readily reduced from 

FIG . 1 . FIG . 1 is a conceptual diagram that shows a catalytic tetravalent ( Pr202 ) to trivalent ( Pr 03 ) , difficult to be oxi mechanism of an exhaust gas purifying catalyst of the dized from trivalent to tetravalent , that is , it is difficult to be present invention . 
As shown in FIG . 1 , it is considered that an exhaust gas repetitively oxidized and reduced . 

purifying catalyst of the present invention , in particular , 40 ( 3 ) In an exhaust gas from a ceria lean - burn engine in an 
exhaust gas purifying catalyst particles repetitively oxidize exhaust gas from a lean - burn engine , that is , in an exhaust 

gas in which an oxygen concentration is large and an and reduce a first metal oxide such as praseodymium oxide oxidizing property is large , since ceria is readily oxidized in an exhaust gas , in particular , in an exhaust gas from a from trivalent ( Ce , 0z ) to tetravalent ( Ce , O2 ) but is difficult lean - burn engine between tetravalent oxide ( Pr204 ) and 45 to reduce from tetravalent to trivalent , it is difficult to trivalent oxide ( Pr203 ) , at this time , an active oxygen ( 0 * ) 
such as a superoxide anion radical ( 02 ) or singlet oxygen ( 4 ) In an exhaust gas from a praseodymium oxide lean ( ' 02 ) is released , and the active oxygen removes the PMs by burn engine in an exhaust gas from a lean - burn engine , that buy 
oxidation through a second metal oxide that is neodymium is , in an exhaust gas in which an oxygen concentration is 
oxide ( N0 , 02 ) . Here , it is considered that the second metal large and an oxidizing property is large , the first metal oxide 
oxide that is neodymium oxide is stable in the oxidation such as praseodymium oxide is readily reduced from tet 
number and tends to attract the active oxygen because it is ravalent ( Pr , O2 ) to trivalent ( Pr , O ) and readily oxidized 
an electron releasing ( basic ) oxide , and the second metal from trivalent to tetravalent due to a change in the air - fuel 
oxide thus contributes to temporally store the active oxygen . 55 ratio , therefore the first metal oxide tends to be repetitively 

In the case where for exhaust gas from the lean - burn oxidized and reduced . Both of praseodymium oxide and 
engine , ceria is used in place of the first metal oxide such as terbium oxide that are the first metal oxide can exist as a 
praseodymium oxide , sufficient removal of the PM by composite oxide of trivalent oxide and tetravalent oxide 
oxidation cannot be achieved . On the contrary , for the Pro11 , 15407 ) , this also is considered to promote a repeti 
stoichiometric exhaust gas , when ceria is used in place of the 60tive oxidation / reduction reaction between the trivalent oxide 
first metal oxide such as praseodymium oxide , more excel - and the tetravalent oxide . 
lent oxidation removal of the PMs may be achieved . The differences shown in the ( 1 ) to ( 4 ) between the first 

Although not limited to theory , such difference between metal oxide such as praseodymium oxide and ceria are 
the first metal oxide such as praseodymium oxide and ceria summarized in the following Table 1 and FIG . 2 . FIG . 2A 
is considered due to that the first metal oxide such as 65 and FIG . 2B show the difference between the first metal 
praseodymium oxide has a standard potential when reduced oxide such as praseodymium oxide and ceria in the oxida 
from tetravalent to trivalent larger than that of ceria , in other tion / reduction reaction . 
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TABLE 1 
Stoichiometric atmosphere Lean atmosphere 

Element Reduction Oxidation 
Repetitive 

oxidation - reduction Reduction Oxidation 
Repetitive 

oxidation - reduction 
?? 
Pr 

Easy Easy 
Easy Not easy 
EasyNot easy 

Easy 
Not easy 
Not easy 

Not easy 
Easy 
Easy 

Easy 
Easy 

Not easy 
Easy 
Easy Easy 

In Table 1 and FIG . 2 , " oxidation ” denotes oxidation from the range of 1 : 9 to 9 : 1 , 2 : 8 to 8 : 2 , or 3 : 7 to 7 : 3 when 
trivalent to tetravalent , and " reduction ” denotes reduction converted in terms of trivalent oxide . Further , for example , 
from tetravalent to trivalent . the weight ratio of a sum total of the first and second metal 

In the exhaust gas purifying catalyst of the present inven - 15 oxides and a third metal oxide may be in the range of 1 : 9 to 
tion , an effect of oxidation removal of the PMs due to such 9 : 1 , 2 : 8 to 8 : 2 , or 3 : 7 to 7 : 3 when the first and second metal 
first metal oxide and second metal oxide can be promoted by oxides are converted in terms of trivalent oxide . Still further , 
zirconia or a combination of zirconia ( Zr202 ) and ceria for example , the weight ratio of a sum total of the first and 
( Ce , 0z ) , which is the third metal oxide that gives the heat second metal oxides and a fourth metal oxide may be in the 
resistance to the exhaust gas purifying catalyst , and barium 20 range of 10 : 0 . 1 to 10 : 5 , 10 : 0 . 1 to 10 : 3 , or 10 : 0 . 5 to 10 : 2 
oxide that is the fourth metal oxide for controlling the acidity when the first and second metal oxides are converted in 
or basicity of the exhaust gas purifying catalyst . terms of trivalent oxide . 

The exhaust gas purifying catalyst of the present inven - In the exhaust gas purifying catalyst of the present inven 
tion includes : the first metal oxide selected from the group tion , a noble metal may be carried on the first and second 
of praseodymium oxide ( Pro ) , terbium oxide ( Tb202 ) 25 metal oxides . As such noble metal , a noble metal selected 
and a combination thereof ; a second metal oxide that is from the group of ruthenium ( Ru ) , rhodium ( Rh ) , palladium 
neodymium oxide ( Nd , 0 ) ; the third metal oxide that is ( Pd ) , osmium ( Os ) , iridium ( Ir ) , platinum ( Pt ) , and silver 
zirconia ( Zro , ) , or a combination of zirconia ( Zro , ) and ( Ag ) , as well as a combination thereof , in particular , plati 
ceria ( Ce , 0 ) ; and a fourth metal oxide selected from the num and / or palladium can be used . 
group of lanthanum oxide ( La , 0z ) , yttrium oxide ( Y , 0 ) , 30 Further , a total carried amount of the noble metal can be 
barium oxide ( BaO ) , calcium oxide ( Cao ) , strontium oxide set to , for example , 0 . 1 g / base material - L or more , 0 . 3 g / base 
( Sro ) , silicon oxide ( SiO , ) and a combination thereof . In the material - L or more , 0 . 5 g / base material - L or more and 4 . 0 
exhaust gas purifying catalyst of the present invention , in g / base material - L or less , 3 . 0 g / base material - L or less , or 2 . 0 
particular , as the fourth metal oxide , a combination of g / base material - L or less . 
lanthanum oxide and yttrium oxide , or a combination of 35 For example , the exhaust gas purifying catalyst of the 
lanthanum oxide and silicon oxide can be used . present invention can be manufactured by an optional 

According to the exhaust gas purifying catalyst of the method , for example , a method such as an impregnating 
present invention , hydrocarbons and PM contained in an method , a coprecipitation method , or a sol - gel method 
exhaust gas , in particular the PMs contained in an exhaust For example , when the exhaust gas purifying catalyst of 
gas from a lean - burn engine can efficiently be removed by 40 the present invention is manufactured according to a copre 
oxidation . cipitation method , the method can include the following 

In the exhaust gas purifying catalyst of the present inven - steps : a step of supplying a raw material solution containing 
tion , the first to fourth metal oxides may form a composite salts of metals forming the first to fourth oxides ; a step of 
oxide containing these metal oxides . When the exhaust gas adding a neutralizing agent to the raw material solution to 
purifying catalyst has a form of a composite oxide like this , 45 precipitate a precursor of a composite oxide and preparing a 
it is considered that generation of active oxygen by the first catalyst precursor slurry thereby ; a step of impregnating the 
metal oxide such as praseodymium oxide and reception of metal oxide supporting particles with the catalyst precursor 
the active oxygen by the second metal oxide that is neo - slurry ; and the metal oxide supporting particles impregnated 
dymium oxide can smoothly be performed . with the catalyst precursor slurry are dried and sintered . 
Here , a “ composite oxide particle ” of the present inven - 50 When the exhaust gas purifying catalyst of the present 

tion means a particle of a material in which at least two kinds invention is manufactured by a coprecipitation method , a 
of metal oxides are at least partially dissolved . Accordingly , uniform composite oxide of the first to fourth metal oxides 
for example , a particle of a composite oxide of praseo - can be advanced . 
dymium and neodymium means a particle in which praseo As salts of the first to fourth metal oxides , a nitrate , a 
dymium oxide and neodymium oxide are at least partially 55 sulfate , and an acetate can be used . 
dissolved , in particular , both of praseodymium and neo As the neutralizing agent , for example , inorganic basic 
dymium at least partially form an oxide having a single compounds such as ammonia ( NHz ) , sodium carbonate 
crystal structure . Alternatively , for example , a " composite ( Na2CO3 ) , sodium hydroxide ( NaOH ) , potassium hydroxide 
oxide particle ” of praseodymium and neodymium may be a ( KOH ) can be used . Further , as the neutralizing agent , for 
particle that contains not only a portion where praseo - 60 example , organic basic compounds such as pyridine or 
dymium oxide and neodymium oxide are dissolved but also ( polyethylenediamine compound can be used . 
a portion where each of praseodymium oxide and neo - As a solvent of the raw material solution , alcohols such as 
dymium oxide exists singularly . methanol , ethanol , and isopropanol , or water , and preferably 

In the exhaust gas purifying catalyst of the present inven - water can be used . 
tion , the first to fourth metal oxides can be used at an 65 Drying and sintering can be performed under an optional 
optional ratio therebetween . For example , the weight ratio of condition that can obtain the exhaust gas purifying catalyst . 
the first metal oxide and the second metal oxide may be in For example , the drying can be performed in air at a 
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temperature of 50 or more and 200° C . or less , and , the exhaust gas that has been flowed through the catalyst device 
sintering can be performed at a temperature of 300° C . or can further be brought into contact with a NOx storage and 
more , 600° C . or more and less than 800° C . , 700° C . or less , reduction catalyst . 
for 1 to 10 hours , or 2 to 8 hours . Further , in this case , the exhaust gas from the lean - burn 

A reactor for carrying out the method is not particularly 5 engine can intermittently be made into a stoichiometric or 
limited , that is , a batch reactor or a continuous reactor can fuel - rich atmosphere at an interval of , for example , 10 sec or 
be used . more , 30 sec or more , or 1 minute or more , and 10 minutes When the exhaust gas purifying catalyst of the present or less , 5 minutes or less , or 3 minutes or less . Here , the invention is manufactured , the precursors of the first to stoichiometric or fuel - rich atmosphere means an atmo fourth metal oxides are not precipitated at one time but may 10 sphere , of which the air - fuel ratio is 16 or more , 15 or more , be formed in such a manner that , for example , a precursor of or 14 or more . a part of the metal oxides is precipitated in advance , a raw Like this , in the case where the exhaust gas from the material solution of the other metal oxide is added thereto , 
and a precursor of the other metal oxide can be precipitated . lean - burn engine is brought into contact with a NOx storage 

A noble metal can be carried on the first to fourth metal 15 A noble metal can be carried on the first to fourth metal 15 and reduction catalyst , and is intermittently rendered into a 
oxides according to an optional method . For example , when stoichiometric or fuel - rich atmosphere , when NOx in the 
platinum is carried , a catalyst carrier is impregnated with an lean exhaust gas is stored in a NOx storage material of the 
aqueous solution of dinitrodiammine platinum nitrate and NOx storage and reduction catalyst , and the exhaust gas is 
dried and sintered , and platinum can be carried on the first intermittently changed into a stoichiometric or fuel - rich 
and second metal oxides thereby . 20 atmosphere , the NOx stored in the NOx storage material can 

A catalyst device of the present invention includes a base be reduced to nitrogen . 
material and an exhaust gas purifying catalyst of the present As the NOx storage material that stores NOx in the NOx 
invention that is carried on the base material . As such base storage and reduction catalyst , an alkaline earth metal such 
material , a honeycomb base material , specifically , a straight as barium , an alkali metal such as potassium are known . 
flow honeycomb base material , or a wall flow honeycomb 25 Hereinafter , the present invention will be described with 
base material , particularly , the straight flow honeycomb base reference to examples . However , the present invention is not 
material can be used . limited thereto . According to the catalyst device of the present invention , 
the PMs contained in the exhaust gas from a lean - burn Comparative Examples 1 to 3 and Reference 
engine can efficiently be removed by oxidation . In addition , 30 Example 1 
when the straight flow honeycomb base material is used as 
the base material in the catalyst device of the present Comparative Example 1 
invention , while efficiently removing the PMs by oxidation , 
the exhaust gas purifying catalyst of the present invention < Manufacture of Al – Ce — Zr Composite Oxide Powder > can achieve small pressure loss of the straight flow honey - 35 To a zirconium ( Zr ) oxychloride slurry , a solution of comb base material . 

A honeycomb that can be used as the base material can be aluminum ( Al ) nitrate and a solution of cerium ( Ce ) nitrate 
were added , and 25 % ammonium hydroxide was added , and formed with a ceramic material such as codierite or a metal 

material such as stainless steel . a mixed hydroxide slurry of aluminum - cerium - zirconium 
The catalyst device of the present invention can be 40 ( Al - CeZr ) was obtained . 

manufactured according to an optional method . For Thereafter , the resulted mixed hydroxide slurry was fil 
example , the catalyst device can be manufactured in such a trated and cleansed with water , and a mixed hydroxide of 
manner that a slurry that contains the exhaust gas purifying Al – CeZr was obtained . 
catalyst of the present invention and a metal oxide sol as a The resulted mixed hydroxide was calcined at 750° C . for 
binder is coated on the base material and the base material 45 5 hours to form A1 - CeZr composite oxide powder , the 
that is coated with the slurry is dried and sintered . composite oxide powder was pulverized to 20 um or less by 

A method of purifying the exhaust gas of the presentan agate mortar , and composite oxide powder of Compara 
invention includes bringing the exhaust gas into contact with tive Example 1 was obtained . Here , the Al - CeZr com 
the exhaust gas purifying catalyst of the present invention , posite oxide powder of Comparative Example 1 contained 
or flowing the exhaust gas to the exhaust gas purifying 50 alumina ( converted in terms of A1 , 0z ) , ceria ( converted in 
device of the present invention . terms of CeO2 ) , and zirconia ( converted in terms of ZrO2 ) 

According to the exhaust gas purifying method of the at a mass ratio of 10 : 7 : 3 . 
present invention , the PM contained in the exhaust gas , in < Carrying of Noble Metal on Composite Metal Oxide > 
particular , the exhaust gas from the lean - burn engine can To ion - exchanged water , about 150 g of the composite 
efficiently be removed by oxidation . 55 oxide powder prepared as shown above and 10 g of an 

The lean - burn engine in which the exhaust gas is purified aqueous solution of dinitrodiamine platinum nitrate ( 4 . 6 % 
by the exhaust gas purifying method of the present invention by mass of 8P manufactured by Tanaka Kikinzoku Kogyo 
may be either a lean - burn gasoline engine or a diesel engine . KK ) were added , the mixture was stirred for 1 hour and 
The " lean - burn engine ” of the present invention means an milled ( pulverized ) for 4 hours . 
engine of which the air - fuel ratio during normal operation is 60 Thereafter , the resulted powder was transferred into a 
16 or more , the air - fuel ratio may be , for example , 16 or crucible and dried at 80° C . for about 1 to 2 hours . The dried 
more , 18 or more , or 20 or more . Further , the air - fuel ratio powder was raked out of the crucible , after pulverized again , 
may be 100 or less , 80 or less , 60 or less , 40 or less , or 30 further dried at 250° C . for 2 hours or more . 
or less . The additionally dried powder was transferred into a high 
According to the exhaust gas purifying method of the 65 heat resistance crucible , subjected to drying at 600° C . for 1 

present invention , the exhaust gas that is brought into hour at the end , and raked out of the crucible , and thus a 
contact with the exhaust gas purifying catalyst , or the catalyst powder of Comparative Example 1 was obtained . 

m 
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< Carrying of Catalyst Powder on Base Material > by Tanaka Kikinzoku Kogyo KK ) were added , the mixture 
Into a container having high cleanness , 150 g of the was stirred for 1 hour , and a catalyst powder of Comparative 

catalyst powder of Comparative Example 1 obtained as 
shown above , 30 g of ceria , 15 g of silica sol ( SNOWTEX < Carrying of Catalyst Powder on Base Material > 
NXS , 14 . 5 % by mass as SiO2 , manufactured by Nissan 5 Next , 180 g of the catalyst powder of Comparative 
Chemical Industries , LTD . ) as a binder , 30 g of zirconia sol Example 2 , which was obtained as described above , was 
( ZIRCONIA HA , neutral pH : 6 . 31 , manufactured by Daiichi carried on a straight flow honeycomb base material for 
Kigenso Kagaku Kogyo Co . , Ltd . ) as a binder , and 120 g of evaluation in the same manner as that of Comparative 
ion - exchanged water were charged , the mixture was stirred Example 1 , and thus , a catalyst carrying honeycomb base 
for about 2 hours , and thus a catalyst powder slurry was 10 material of Comparative Example 2 was obtained . 
prepared . A coat amount of the catalyst carrying honeycomb base The resulted catalyst powder slurry was coated on a material of Comparative Example 2 was 100 g of the straight flow honeycomb base material for evaluation ( diam Nd — Zr composite oxide powder and 30 g of ceria powder . eter 30 mmxlength 50 mm , 12 / 300C - 680 , manufactured by 
NGK Industries , Ltd . ) . 5 An outline of the catalyst of Comparative Example 2 is 

The catalyst powder slurry was coated on a honeycomb shown in Table 2 . 
base material according to a suction coating method under Comparative Example 3 reduced pressure , in which the honeycomb base material 
was dipped in a slurry in a sealed vessel , a sealed vessel 
itself was depressurized by a vacuum pump , and the slurry 20 20 As Comparative Example 3 , only a straight flow honey 
was suctioned by the honeycomb base material . comb base material for evaluation on which a catalyst is not 

Thereafter , preliminarily drying was conducted at 45° C . . carried was used . 
drying at 250° C . was conducted for about 2 hours , and 
drying at 600° C . all night and all day was performed , and Reference Example 1 
a catalyst carrying honeycomb base material of Comparative 25 
Example 1 was obtained . < Manufacture of Nd — Pr — Zr Composite Oxide Powder > 

A coat amount of the catalyst carrying honeycomb base An aqueous solution containing zirconium oxychloride 
material of Comparative Example 1 was 150 g of Al - Ce octahydrate was prepared , and , to the aqueous solution , 35 % 
Zr composite oxide powder and 30 g of ceria powder . An hydrochloric acid and ion - exchanged water were added such 
outline of the catalyst of Comparative Example 1 is shown 30 that an acid concentration was 0 . 67 N and a concentration in 
in Table 2 . terms of zirconia ( ZrO2 ) was 4 w / v % . 

To the prepared solution , a 5 % sodium sulfate solution of Comparative Example 2 which pH was adjusted to 12 . 5 with sodium hydroxide was 
added , the mixture was heated up to 95° C . and kept there < Manufacture of Nd - Zr Composite Oxide Powder > 35 for 15 for 15 minutes , and thus , a basic zirconium sulfate slurry An aqueous solution that contains zirconium oxychloride was obtained . octahydrate was prepared , to the aqueous solution , 35 % Thereafter , a neodymium nitrate solution and a praseo hydrochloric acid and ion exchanged water were added such dymium nitrate solution were added to the basic zirconium that an acid concentration was 0 . 67 N and a concentration in slurry , then 25 % sodium hydroxide was added therein , and terms of zirconia ( Zro , ) was 4 w / v % . 

To the prepared solution , a solution of 5 % sodium sulfate thus , a Nd — Pr — Zr mixed hydroxide slurry was obtained . 
of which pH was adjusted at 12 . 5 with sodium hydroxide Thereafter , the resulted mixed hydroxide slurry was fil 
was added , the mixture was heated to 95° C . and kept for 15 trated and cleansed with water , and thus , Nd - Pr — Zr mixed 
minutes , and thus , a basic zirconium sulfate slurry was hydroxide was obtained . 
obtained . 45 The resulted mixed hydroxide was calcined at 750° C . for 

Thereafter , to the basic zirconium slurry , a neodymium 5 hours to form Nd — Pr — Zr composite oxide powder , the 
nitrate solution was added , then 25 % sodium hydroxide was composite oxide powder was pulverized with an agate 
added , and thus , a neodymium - zirconium ( Nd - Zr ) mixed mortar to 20 um or less , thus , a composite oxide powder of 
hydroxide slurry was obtained . Reference Example 1 was obtained . Here , the Nd — Pr — Zr 

Thereafter , the resulted mixed hydroxide slurry was fil - 50 composite oxide powder contained neodymium oxide ( in 
trated and cleansed with water , and Nd - Zr mixed hydrox - terms of Nd203 ) , praseodymium oxide ( in terms of Pr203 ) 
ide was obtained . and zirconia in terms of Zr02 ) at the weight ratio of 

The resulted mixed hydroxide was calcined at 750° C . for 36 : 20 : 44 . 
5 hours to form a Nd - Zr composite oxide powder , the < Carrying of Noble Metal on Composite Oxide Powder > 
composite oxide powder was pulverized with an agate 55 In the same manner as that of Comparative Example 1 
mortar to 20 um or less , and thus , a composite oxide powder except that about 100 g of the composite oxide powder of 
of Comparative Example 2 was obtained . Here , an Nd - Zr Reference Example 1 , which was manufactured as shown 
composite oxide powder of the Comparative Example 2 above , 50 g of alumina powder , 30 g of ceria powder , and 10 
contained neodymium oxide ( in terms of Nd , 0z ) and zir - g of an aqueous solution of dinitrodiamine platinum nitrate 
conia ( in terms of Zro , ) at the weight ratio of 3 : 2 . 60 ( 4 . 6 % by mass of 8P manufactured by Tanaka Kikinzoku 

< Carrying of Noble Metal on Composite Oxide Powder > Kogyo KK ) were added into ion - exchanged water , the 
In the same manner as that of Comparative Example 1 mixture was stirred for 1 hour , and a catalyst powder of 

except that into ion exchanged water , about 100 g of the Reference Example 1 was obtained . 
composite oxide powder of Comparative Example 2 manu - < Carrying of Catalyst Powder on Base Material > 
factured as shown above , 50 g of alumina powder , 30 g of 65 Next , in the same manner as that of Comparative Example 
ceria powder , and 10 g of an aqueous solution of dinitrodi - 1 , 180 g of the catalyst powder of Reference Example 1 
amine platinum nitrate ( 4 . 6 % by mass of 8P manufactured obtained as described above was carried on a straight flow 
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Al 

30 30 g 

honeycomb base material for evaluation , and thus , a catalyst TABLE 2 - continued 
carrying honeycomb base material of Reference Example 1 

Number of was obtained . exhausted A coat amount of the catalyst carrying honeycomb base PM particles 
material of Reference Example 1 was 100 g of the Nd - Pr — 5 ( x1013 ) 
Zr composite oxide powder , 50 g of alumina powder , and 30 ( PM oxidation 

removal rate ) g of ceria powder . An outline of the catalyst of Reference 
Example 1 is shown in Table 2 . Lean 

< < Evaluation 1 > > atmos Stoichi 
Noble metal phere ometric An exhaust gas from a 2000 cc lean - burn gasoline engine 10 ( Carrying evalua - atmosphere 

that implements combustion at an air - fuel ratio in the range Coat amount amount ) tion 1 evaluation 2 
of 24 to 28 in a steady state was flowed to catalyst carrying Reference Nd — Pr — Zr 100 g Pt ( 3 g / base 2 . 2 13 . 0 honeycomb base materials of Comparative Examples and Example 1 particles material - L ) ( 94 % ) ( 14 . 9 % ) 
Reference Example , and the number of exhausted PMs was 15 50 g 
measured . Results are shown in Table 2 . The engine was particles 

?? driven under an EC mode , and the rotation number of the particles 
engine was in the range of about 600 rpm ( during idle ) to 
about 2500 ( during high load ) . In terms of the number of Sum total 180 g 
exhausted PMs in Comparative Example 3 where only a 20 
straight flow honeycomb base material for evaluation on From results of experiments of Evaluation 1 , it is under 
which a catalyst is not carried was used , the oxidation stood that regarding the oxidation removal of the PMs 
removal rate of the PMs was calculated . contained in an exhaust gas from the lean - burn engine , the 

< < Evaluation 2 > > exhaust gas purifying catalyst of Reference Example 1 that 
An exhaust gas from a 2400 cc supercharged stoichio - 25 includes a composite oxide of neodymium , praseodymium 

metric gasoline engine that combusts at a theoretical air - fuel and zirconium is more excellent than the exhaust gas puri 
ratio ( air - fuel ratio : about 14 . 5 ) in a steady state was flowed fying catalyst of Comparative Example 1 that includes a 

composite oxide of aluminum , cerium and zirconium . to catalyst carrying honeycomb base materials of Compara Further , on the contrary , from results of experiments of tive Examples and Reference Example , and the number of Evaluation 2 , it is understood that regarding the oxidation exhausted PMs was measured . Results are shown in Table 3 . 30 removal of the PMs contair 23 . 30 removal of the PMs contained in an exhaust gas from the The engine was driven in an EC mode , and the rotation stoichiometric engine , the exhaust gas purifying catalyst of number of the engine was in the range of about 450 rpm Comparative Example 1 is more excellent than the exhaust 
( during idle ) to about 2500 ( during high load ) . In terms of gas purifying catalyst of Reference Example 1 . 
the number of exhausted PMs in Comparative Example 3 
where only a straight flow honeycomb base material for 35 Comparative Example 4 and Examples 1 to 13 
evaluation on which a catalyst is not carried , was used , the In the same manner as Reference Example 1 except that oxidation removal rate of the PMs was calculated . compositions were changed as shown in the Table 3 below , 

catalyst carrying honeycomb base materials of Comparative 
TABLE 2 Example 4 and Examples 1 to 13 were obtained . That is , for 

40 example , in Example 1 , a catalyst carrying honeycomb base Number of 
exhausted material was obtained with nitrates of praseodymium , neo 

PM particles dymium , zirconium , and lanthanum . 
( x1013 ) < < Evaluation 3 > > 

( PM oxidation While a model gas of a lean atmosphere ( oxygen con 
removal rate ) – 45 centration : 6 % ) that contains hydrocarbons was flowed to 

the catalyst carrying honeycomb base material , a tempera Lean 
atmos Stoichi ture of the model gas was raised to 550° C . and a purifying 

Noble metal phere ometric concentration of total hydrocarbon ( THC ) at this tempera 
( Carrying evalua atmosphere ture was evaluated . Here , a heating rate was 30° C . / minute 

Coat amount amount ) tion 1 evaluation 2 and a spatial velocity was 50 , 000 s - ? . 
Com - Al - Ce - Zr 150 g Pt ( 3 g / base 10 . 2 10 . 1 < < Evaluation 4 > > 
parative particles material - L ) ( 70 % ) ( 0 % ) In the same manner as Evaluation 3 except that a model 
Example 1 – gas of a stoichiometric atmosphere ( oxygen concentration : 

Ce 0 . 6 % ) was used , evaluation was conducted . particles < < Evaluation 5 > > 
55 About 0 . 5 g of the PM was absorbed in advance by a Sum total 

Com Nd - Zr g Pt ( 3 g / base 6 . 9 catalyst carrying honeycomb base material and kept thereon . 
parative particles material - L ) ( 80 % ) While a model gas of lean atmosphere ( oxygen concentra 
Example 2 Al tion : 7 % ) was flowed to the catalyst carrying honeycomb particles base material that holds the PMs obtained as shown above , ?? 

particles 60 a temperature of the model gas was elevated to 560° C . , an 
oxidation removal amount of the PMs until this time was 

Sum total 180 g evaluated . The heating rate was 30° C . / minute , and the 
Com 34 . 3 ( 0 % 25 . 3 ( 0 % spatial velocity was 50 , 000 s - 1 . parative ( Stan - ( standard ) ) < < Evaluation 6 > > Example 3 – dard ) ) 65 Except that a model gas of a stoichiometric atmosphere 

Sum total Og ( oxygen concentration : 0 . 6 % ) was used , in the same manner 
as that of Evaluation 5 , evaluation was conducted . 

Tuli 0 22 

30 g 

18 
8 8 

3 

8 

8 
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Results of Evaluations 3 to 6 are shown in the following performance in the stoichiometric atmosphere can be 
Table 3 . improved . 

13 

TABLE 3 

Example Example Baguiole Encanyie weple Example Example begl e Reference 
Example 

13 10 11 12 

36 
36 

III Tall Bueno 
Pd 

- 140 so 75 
178 
73 74 

Comparative 
Example 4 

Exam - 
ple 1 

Exam - 
ple 2 

Exam - 
ple 3 

Exam - 
ple 4 

Exam - 
ple 5 

Exam - 
ple 6 

Exam - 
ple 7 

Exam 
ple 8 

po Pr 
?b 20 20 

| | | 

First metal 
oxide 
Second 
metal oxide 
Third metal 
oxide 

Nd 

20 
36 årener 36 
a 

Zr neon 36 36 
Zr / Ce 
?? 

är al + + | | | | ? 

| | | 

La Fourth 
metal oxide 

Ba | | | | | 
| | | | | | | | * * | | | | ? 

E 

| | | | | ? @ 

ago 11 + + 11 18 Best II 
545 715 

Sr 
Si 
Mn 

Noble 
metal 
Purifying Lean 
concentration evaluation 3 
of THC ( ppm ) Lean 

evaluation 4 
Combustion Lean 
amount of evaluation 5 
C ( mg ) Stoichiometric 

evaluation 6 

713 754 

599 998 826 | 882 

139 | l 
L 

Il 86 | 

50 
From the Table 3 described above , it can be understood 

that , in the exhaust gas purifying catalysts of the present 
invention , the characteristics thereof can be adjusted by the 
use of the fourth metal oxide . Specifically , regarding the 
oxidation removal of hydrocarbon components , it is under - 55 
stood that when lanthanum oxide , yttrium oxide , strontium 
oxide , or barium oxide is used as the fourth metal oxide , in 
particular , when yttrium oxide , strontium oxide , or barium 
oxide is used , a preferable result can be obtained . Further , 
regarding the combustion removal of carbon , it is under - 60 
stood that when a combination of lanthanum oxide and 
yttrium oxide , or a combination of lanthanum oxide and 
silicon oxide is used as the fourth metal oxide , a preferable 
result can be obtained . Still further , it is understood that 
when a combination of zirconia and ceria is used as the third 65 
metal oxide , not only hydrocarbon purifying performance in 
the lean atmosphere , but also the hydrocarbon purifying 

What is claimed is : 
1 . A catalyst composition comprising : 
a first metal oxide selected from the group of praseo 
dymium oxide , terbium oxide , and a combination 
thereof ; 

a second metal oxide that is neodymium oxide ; 
a third metal oxide that is a combination of zirconia and 

ceria ; and 
a fourth metal oxide selected from the group consisting of 

lanthanum oxide , yttrium oxide , barium oxide , calcium 
oxide , strontium oxide , silicon oxide , and a combina 
tion thereof , 

wherein a weight ratio of the sum total of the first and 
second metal oxides to the third metal oxide is 3 : 7 to 
7 : 3 when weights of the first and second metal oxides 
are converted to weights of the corresponding trivalent 
oxides . 
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2 . The catalyst composition according to claim 1 , wherein 7 : 3 when weights of the first and second metal oxides 

the fourth metal oxide is a combination of lanthanum oxide are converted to weights of the corresponding trivalent 
and yttrium oxide , or a combination of lanthanum oxide and oxides . 
silicon oxide . 9 . A catalyst device comprising : 

3 . The catalyst composition according to claim 1 , wherein 5 a base material ; and one or more of the first to fourth metal oxides , alone or in the catalyst composition according to claim 1 , which is combination , form composite oxides . carried on the base material . 4 . The catalyst composition according to claim 1 , wherein 
a weight ratio of the first metal oxide to the second metal 10 . The catalyst device according to claim 9 , wherein the 
oxide is 1 : 9 to 9 : 1 when the weight ratio is calculated on the 10 catalyst device further includes a ceria particle carried on the 
basis of the corresponding trivalent oxides . base material . 

5 . The catalyst composition according to claim 1 , wherein 11 . The catalyst device according to claim 9 , wherein the 
a noble metal is further carried on the first metal oxide and base material is a straight flow honeycomb base material . 
the second metal oxide . 12 . A method for purifying an exhaust gas comprising : 

6 . The catalyst composition according to claim 1 , wherein 15 bringing an exhaust gas from a lean - burn engine into 
the catalyst composition is an exhaust gas purifying catalyst . contact with the catalyst composition according to 

7 . The catalyst composition according to claim 1 , wherein claim 1 , or introducing an exhaust gas from a lean - burn 
the catalyst composition is an exhaust gas purifying catalyst engine to the catalyst device according to claim 9 . 
for use in a lean - burn engine . 13 . The method for purifying an exhaust gas according to 

8 . A catalyst powder comprising : 20 claim 12 , wherein the lean - burn engine is a lean - burn 
a first metal oxide selected from the group of praseo - gasoline engine or diesel engine . 
dymium oxide , terbium oxide , and a combination 14 . The method for purifying an exhaust gas according to thereof ; claim 12 , wherein the exhaust gas that is brought into a second metal oxide that is neodymium oxide ; contact with the catalyst composition , or the exhaust gas that 

a third metal oxide that is a combination of zirconia and 25 is 23 is made to flow into the catalyst device is further brought ceria ; and into contact with a NOx storage and reduction catalyst . a fourth metal oxide selected from the group consisting of 
lanthanum oxide , yttrium oxide , barium oxide , calcium 15 . The method for purifying an exhaust gas according to 

claim 13 , wherein an exhaust gas from the lean - burn engine oxide , strontium oxide , silicon oxide , and a combina 
tion thereof , is intermittently rendered into a stoichiometric or fuel - rich 

wherein a weight ratio of the sum total of the first and atmosphere . 
second metal oxides to the third metal oxide is 3 : 7 to * * * * * 


